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t}h'A coding humsn gmwth koFmone ifus cotistrutted 
fey usmg ehemksli^ syntkesised DI^A in csn,iu^siim mth 
eniymaiko-tfy prepartd cDNA. This 'hybrkt' gene was 
expmsstd in Esdherichia cois uf.dtr the rsnnwi sf fht \tt 
pramifter. A polypepiide >vcs produced hasing the size and 
mrrMtioksgimt prsperriei ekufacKnsiic of matun human 



HUHA>i GROWTH MDRMam; (HGH) k s protein of \9l 
simsnti adds whicfs it tynthti^md in ih& asmm iabe of ths 
pjtvstaiy. Growij) in faypapitajj^fy dwarfs, wto« istsaji surure is 
d«s K> * iisfirasncyoi HGH, ct« be rssiored sJurmg chiidhood by 
stajraiRssa-iition «f iisis toratose*, la sddiiksa, HGH may ptovt 
eSccTivE tn the tf eatasesjt oi s variety of siitata ts, inciwdiKg bone 
iraWMf as, skin bans* iJte4«iiBg (ijKft"' . Al gf»«ftb tsomoiisr is 
spwciss spcdfic iiKwaji csdavers have b««« tbe oreiv (otsici; of 
HGH. 

TIjs pfWBsry truisiswoB prodasi of growJs homo us mfiNA i* 
n pf eeu«or proleiR ttsjjsisring of « iignsl peptide sttachtd t© the 
N-isti«i«uS!*f pstvnh horajoEs^, Sudi tijotiJ of 'pw ' sequeoses 
firs ckaTacteftsiir of tesretec! prateins. la ibe cUf. ai sM p-awth 

RGH saRNA Ssss isieB'jfiM} ii>e 2(> ijeiiss 6«<S fesidtsej of iht 
prt'ttqxtemt*. Froo ioiorsnaaoB dsrived fro» tht eSKA 
ssiitjeBce of humsn growth isstraone' hsvt dati^sd »ad 
sofismjcieii a ijast««8! pl»iaBid whssJi ioKfasts xht synthssis of 
su^tujsiis) <jsi»at!Sis« of HGH in s tcicreifeial cell 

HGH geaf asseiably strategy 

TBe general spprotsb «#e!j {or !i>e bictsrrki synthesis of HOH 
ItsvEsfves « coisSjiBSiiot! ef sijc <sfc>tsieg oi ths PosspiemeBtsry 
DN A {cONAi jsrciared frotts pireitary toKNA with tiit doning 
»f eheosjcsJiy synthesisctf DNA. Ths spsdSk ssTSWisy w»s ijased 
on the tsowi restricsksa endntiBdESJc jMtwre ef HOH cDKA'. 
tfiijfai sites sn: jarMcnt w tSe 3' uojssodjsi^ region aoi in tiie 
wqucBC* eoding for siamc irids 23 m4 2* HGH. Txtatmeot 
of dou&ic jtrsnded {{S*) HGH cDNA wiSi gjves a DNA 

jj» giSBji! of SS 3 psiin whifh ifldijSes codinig »eij»sjss** for 
MiflO »«i<J» 34-39i Of KOH. We plaisfjitd so tSone liiis eD}iA 
jTJspttess s«<! to eJODs sepsrstsiy » eheesissSsr syB-jjewseti DNA 
'adiptor* &&ssaes( coeiainiag an ATG iniiistjoa (sxtos aaS 
s»din| seijueoots lor f««J«et 3-23 eJ HGH, T11e*« jwo DNa 
ffigswetits «oolsJ be soabmiKi so fssm « synfeesjo-tssteri! 
'bybrki* gctK, Whstt mserted into » pSMtnid dowmirtam horn s 
SSjjjabk bitieris! praaister and nbojoffle bijjdiftg liw, ihss gcas 
cadd be issp^etes} w Street as *r»!jaEiis cf fMef -HGH, tlse f sst 
&SE BJDsi biOKfiisi protisinj 45 aos oootaas N-teitBiJis} 
Bsedwonins reiidois !fa£g«ts ibat the iMes tisouid bt sffisientiif 
fcEBOved, fe«iJDS8 in the dtrecs «pfesajoo ef HGH. 

Titttf »jfe wveraj sdvwtases of &a appfosek over con- 
veoocisiii tjcpfewjofl sneSiso<i! whki aaSise eidjsj- eJsftauiaifiy 
sytitiiesjsec DNA or eI>HA esrtiWJvef)'. Tbt eDKA «5>|>«i&4b 



rat proiasuiifi*, ^4*ct6jasss-r*s prt^-gfewtb tormonc' eai g.~ 
g*iii«t»Waie-efeickBQ tsvsdbuiaja'"') ia Esekeiiskta coU »iucii 
ssiB r«tBia &ntige(Sie activity, bsxi whki> easisaot be eastty proew- 
se<j to gjvs the aatursl jstie prosiuiS. Hosfcvej, the cJofsiog ef 
caouse diisydrofolstft K4wtaie tDNA isto G-ouJsssi, /M- 
aj*«ved f!BR322 rcs^irrf m the cspe»ior> srf a ^roteia which 
isppe&'c^ to i>e cUiiy*lr!>!<j!ai» fejit>c;*s«**. This pratj$i£i c@aS4 
havi: b&en dsrivcjiJ froaj tbe protcoiywr cieavsgt larf & 5- 
!as«sjBsse»dfSydroJojRt£ fedamte hased jKBteis or tnsffl Ek: 

ATG (AUG) Stan aadon, NeiibEj- of tfeeu; pKswibiititsej tswsjM ise 
fsisciJ on for HGH exprm»D. ft vivo promAydc dtsivx^ ei s 
fij«:<S bs{«riftUy pr»d«Essi protein to give HGH is bigajy 
uniiScslj-', SJid iBjtijtliO!! sf mmjJstjos at so HCH sian cwioa 
vtQvM is« sipectsd t« yidd the pre-ijoiaaoe aJOfiaiajBi ssKttj^ 
2S s««!!0 adds. The aJicraativ'e spprcwJs of sompkte citeimcaJ 
syutbcsw tsf gta «, iitibougjj iHwRti » be eitraasly effective f»r 
tht bistejlBi pTO<3a«dj5)3 of iJje baiaas pcpodes »o(S8>mo!tin" 
aad sfisuiia ' *, woaid be very mat coiisttmitsg f or » pe5ypepti4s as 
Isfge Si HOH. 

C0s$tracttos dooing of pi&soudls 
cootaiaiag HGH DNA leqaeaces 

Tlie pisR (or sise liietmcaj sj^ihew* ol 1>NA As»igjsed to eode lor 
tht foi! 24 aasino scidi of HGH it sboso us Fsg, la. To («csiii»£e 
jOiiiiftg t o H (jH cDN A, the tyistiaetie pisn iseorporati!* the »S»e 
HaslS j^striewon iite et ismmo sod refidsES 23 »fl4 24 ikm is 
found ifi the cDNA, list 12 i»djcisie4 dcswyoiigOBueieotide* 
(Rg, J a ) *4te «y«tSse*M*d by ihs VapKSV&j phs^pboancsssi 
iB*tij04 e*«ntially as dMcribed jjreviotStJyfor iwaHss", Fipre 
J 4 «ut»a»«rwes tbc *teps jn voivsd to tlsts s*»a!sfely and dsKiaag et 
L!5ti4 DNA fyBsmenis its pBR321 feci. IS), Hmy tssnrfofwuat* 
of £. fsU 294 |ret 36) were obtwaerf with jjljuiKaA soeta&aog 
ftoRI-Hindin iijsera oj apprsiciasittely if« toitcd site. th« 
nsdeatisJc stcijBejscc* of throo of sbtss soacrct «feTe 4elssTaw«J, 
Ose, pHGlB, hasi &« «pss3e4 DNA teicjuetiae. The atJsef two 
iis4 a iieleiksft of t&e A ■ T bwe p»if ii ifee &jrt aadwsds 
posiJiDti for the eodos si smsjso &sis S {Pro). 

Jht ecmmsmots ©f tue pteEiiti (pHGH3I!) cssaxaint ti>e 
HatlK cDNA fra^etit tjf HGH is osisSsita m Fti. 2. Tot«i 
po!y!A)-!BRNA imm iasmm psmumti *»* aSd » !h« 
rytitiieWi ef ds-eDNA by RNA-defseeAsnt DNA jpotytsjer»»e 
{reverse irai«43^pisjff| ind DNA poiysow&se J Klssotsf big* 
meat. Use cDKA tre».i«i weJs HsdII re*«uS30j5 
et!6onttdj:«e mi ONA ef abos* i S SO bate pairs wm p»ri6e4 fey 
gc! cienrtsphonais, Tta* DNA feiasae *«» Efees 'aite4' witt 
iieoiyC midiiea laiog temiiaal dsoityttadeootljff irmJersue" 
8R<S eJofjed i» pBR322 DNA wikh tad bc«« dsswd with i^A 
aed titrnded wit!> deaiyO reiitjise*. "Hjis }5itsec<Jar6 toEtefesi (is* 
H<!«III restriaics tisei cr fee cDNA snd i«|e««««» «aes 
it boti! eiMit of the iistm. AppraiiasJitaly 200 Sfsostfonaaj^ of 
S. c«>£i i-1776 {ref, 2S) were oisMi»e<} tetsi J «rf C-tsSed 
cDKA. 'Hisw eoioniis «sr«i©ed tot tS* pf^tte* of HGH 
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(Msi fre ?!W ^1* **J ^ ^ <^ *^ ^ 4*J '^l* *^ 




sci^ustsecs by she GrsiBstttn-HojnsM hybrjd'isavitsii ptoesdare^' 
asms ''y-isbslSt^ btM!5*<5 dscrionic tosiasomSLSimsircpm 
oDNA'' M profec. Sffvea o^Jeiwes bybridaed spedBcsiSy witis 
ibe pfobs. which is ossrty idendcii to HGH in naeieotids 
ji<5««ase', Thres jdeaticaJ iVaerii itrssrsa of sppfcsaiaiajsiy 
SSO We psirt Hsriisitdag SbssjI. .PjS asd Pwutl thes, si! 
cfssrwtsraik of HOH eDKA', Ss^UEijee ssalysis oi th* staftn 
fieia DB8 of the*E doaes, pHGK3l (Fig, 3) gsvt ooSy ens 
«ii»£Teps3ey <CUG vc«»^ CDX'csiScb for ieaone J 01) wlicfs 
ranaparasS wsti) the jstsviouiiy deterjamsd sUNA sequssc*'. 
Tht SKico iad seSittMee esftv*d ffoja (hs sDNA »e<ju«!sc£ 
(SSere from th« p»bS»hed sinia© add wqeencs* tjf Li*' »i 
ffotieojas "4 (Gia vertsj Gin J, i07 CAs? vmus Asn) in<3 109 
JA»n vewas A»p). A5siso«jgh we cannot nsie tstti po*t-a'<A- 
KriptsossJ «D!i!i5s»M<5is, tb« dkoepsades prebsbjy stem trrsfs 
shonccstttisp ij( ssriier protein sMjusMifii seibods ia tfi« 

Coastmctloa mi doxsm^ at HGH 

To cxpre*! dirt-ciiy HOH in E. ex>U, s pSsMnid fpGHS} he-Was 
wo iae promotm wat esBssjiias si is foUowt. A 2S5-bast pair 
ScsM ttkpsmi ai&mms% rsa S*5.isa«; par 1JV>5 ter 
pjsasotsf fjrsjraaaB Sip&tswd Sry « 9S-bsss psiir htSsroiogovss 
0HA iragiBettt iseJ&tisi from the pluBiid pKB268 fref, 24} 
snd )B5«fted iats pBR352 at the Ocelli A pkitaisi {pGHl) 
Wis imiuti wsjS sSse preaoat erieBtssea to sBitisie trss- 
*eripooo ia iht djrecaon of tbe iearas^clinB resit lanse 
gcBe. CToRI iitt disU! the fs'' ges^s wu dt*Ktjyc<J by a 

Fiyuit 4 wifiem the steps ievoived m issembiitig thi wo 
*«pstf»s«!y cioa«5 H<jH DNA jfrsgmeuts, Tnsstffliefit of pHGH3 



cadait to tb* ifii I* ifflsjoo ssisa cf isiasm swii bciffisnt. a. Tkis 

£v;t£^»&. BMS3L»auie laKiiKt tru icSi ^i&heiiaL a ui^ f4>f tKiufto^ 
SI sj»aii»6ea. Tsww* l!B«tm eSfoftsrstosSSea, wiyiss in siw tross 

iar HCH «»siM nad! S-J*. AiitSSSS &l 58 ms SJr^'. Ifl, «r« 
P»>ai{!l»rir(wst> aKBf T. !ioi>w;a<»Bii» ktssic vft ffffiS) fey <t 

«.tit ferfsnasiS: Km si $'-Oi'. frajjata! U, w« cwtsncsi »jaj aw 
yfcapsturyiiiti U,, t, ssii 1^; p>aiwsi»fiit«j V,, U,, L, were 
tsajbiwS; no* J8 ji| y.OH i««a«!« L, una cj»tii»d stiJs !Jk phtft- 
j!SorT<i(s!f 1^ , U, si>^ U,. Jhiti lipasnJ were arnsi est s! « "C fat 5 in 

&S AT? a>«f JO snia sf T, Tik Usrec iijstsan ssnm^ 
then 1^ isaia Ti iflue <£i4c^, and th« iMaa^ liico^d K> 

ftiia iissJ wij tStttsi ijog, she j«i »»^ thani'*, l>iM4$U ir«{, iJJi 

« 5c^tf(?*&;jrt«a ifixi 3 w> tic jyaUJciK A' * . 71s» CBiiwK tws WAi* a> 
ffi.iv'a«w IL iffS JS« if«J. Ui T5is £mm-m»^ isMn ti &HGHJ h»3 



wilts £feRl stnd HuelS gives s *7-fea»e pttir fr«p»eKt ^viiij iii 
BcoSJ ftshesive aisii and n H&dH hlmi tni {also Fij. la). 
TliB tfigjjsent, whisfe eo(i«s lor HGH iiatno »<Mt 1*23, *stt 
isoiaiEO IrtJES a poSyscryJauaids gel, Tka plmmd pHQHJl wm 
desvctj with Ha«Ili gtwj ti>£ SJ -bas* pas HGH eD>f A & s|jsae»t 
isoiatiwi hygtt tltsaapharcm. Xinal eeatissEatef iisjtSfSjpsjtnt 
yjeSdes! a S 1 2-bs*e psir {rtpssat aatfcji for sasiso siciit 24-131 
of HGH witb cise HsxUl Umt md mi OBe XmeU mkky end, 
TisE 2igfttiofi liiESc two irsgmtnts rcsctied in Use ftsnjsAtwi! oI 
hfsb saoieeisSsj weight DHA, ImAvmesl with $mal {whsois 
f«iagnis« the ss.ms ieijaoaos si Xmid but tesve iiah jttwi 
£c<?SJ eosveried the SgstioR produeis to ifare* dastinsi ir»g. 
jjsents: i J5<f-'£sase pm diajcf sSje 77«bw* psir BNA frug- 
lasjit, s S,OI<t-fcas« psar dialer oJ the 5l2.i}»*e p&k ir»pa«os» 
atje the d«*ir«d SSl'bwe jjsir 0KA cocUog for the mvttt HGK 
sefjiteBCft. Tim htxet frapiefi! wis ptjrifieij bf pi cicstro- 
p,>sere«!J »tsd 'msrttd tats ?GK6 bewcea the SeeSJ »S &« Si 
m!eSc«s<-BC»ieii HindTll sites. FoStewtai trsBiteiiattioa ol 
xiyT&, t!ss exprttiion plasjjiid pHQH107 im itUntiBed by 
eoiotsy £cxe»Biag md r«sricti*o aciiysii a» <Sc»cr5bed iiv Fig. S, 
The HGH DNA icsjuente al pHOKlO? vmfija! jsy ih« 
hftoara-GiJbcn procedure ' *. 

to i>ar piftn to estpfisj HGH two hme piin vnere tfi£iade<S 
berween tise ccaRI AATT 'Jocky' end isnd the ATO etxtoss of 
ths che»icisl)¥»yr!tbe33KwlpoiTi£!B oStheHGH codiagicsitteste 
{itt Fig, 4). ThtfeMe, io tise pJasKiri pKGHi07, U bMepain 
sepmtf. the ke AQGA riboiojns binding istfi** md tfcft ATG 
iransljtiofssi start for HGH: 

5\ , aBoTX A A C A G^_^A T_T C T ATG , . 

3 ' . . . T C C T T T G t C ff A AlG A T A C . . . 

in tlse nststTiliy occurring iex swtsja !S« scparaaots between 
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Usi fsjsos sfoaas} 5S!> UiK pssi? »la«i«L A*?K!JEffl«tsij i as o.' 
dC-aiisd <Ss-«3JM iw& S&e ii5-aji*i3 wttWs 0>f A tSO as) «?isf f^rfunsssl 
K 3S "C 1$ Si), stJara'Nisj SJSS ss aisd<sta j 5 T76 {it!. 30) t»y s jmSJi*i«i 



rifeasciwe teindioi site sisd iritMiJoa tote « 7 tos yssrs. The 
eiset sesjiwtiaj in tJiij nspoa mtorsiS ss ioJtewt. The 
pSssMu! wss desvsd with Ereated with Sj ?.ud*&se so 

dijftst tbe singie iinsitded eads, sad miased bv blam-endad 
ij|itiso, TIj* pjs»££ijO» ivata thf«s iodividuai waBitojtSJBts of 

nsQiwved sad » nsw AJ«I sits srcsied ir. the pUjtaid fpHGH 107- 
1). 

S' . , . a'GG a a a C a G'C T A"f ~6 ... 
3',,.TCCTTTGTC!GAT AC. .. 
Tbiis stracutrs, in whicis tos ATG sosJen is «ow wvcis imcieo- 

aspetied lo snn-^sis ;h« cffideQev witjj whieh HGH roRN A ls 
trissiased. 

HGH ssdioteunuae activity i» 
bsclerial estracts 

Estfscts of £. tc/i^l7t6 Hsntammg shs eitpremens pSsimiiiJ 
were iMSsd for HGH sxpjsstsCB by s radioitwauaoiisay 
(SiA) iTsfcis J}. Esstiy deteetafe!): WBOttnss o! HGH 
srod^jsed ^^y bistsTis sotjtatsiing pHGHlO? or the derivitte of 
pHGHlO? !8«kij5g (fee £wR3 Jiw {pHGHlO?-!}, CostrsJy to 



it 

ii« f!>» A»> Sir lyi iCie. SJ» eis. Civ kH- Tyr SI. 

££S tjyt.* 5*C A£5 "Ai: 0A£ V»f ftAX a*t 

Cy* Pb« vXtf Ii» ^tft TJif >s» J«r aib *ci s^ii ciK 

CiJ£ BSSJ SBC LISi !JC UCU *t!S £55 jKi C« iJl^i 4.*! «C« 6AS CM 

J,*tf S«f tt? l*y Si^ >i?fc Va; ^.ti ^si 

jtv£ ssc ci>£ Sic ££c at!$ Sit ji^c jisu sec 



it! 

Te* iy» vtv 5io Ly* Tyi: Sk*- S^*K Sie >ffl S^l^ l«7 

£5* »*£ Si» CAS »Ji UliS Be* OSS »tt CSS £*S i£S tiii 

Tit £i» Sin X^t inr As» S,«B tlii 5.«« iT» lis l»r i,»it tss. 

At* t« Cas i<u act x»c CM OAS cov ee; est as; ses eos sst 

ft* Ai* **i Vftl Xyr Cif AK^ tibt A** Tfti Jyt 

KCC C£S Suit A5C CliA SUS Si*S SSi Ctt 3«5 6A£ iCt AA£ OBC Si! 



AS^ tin Ly* A*? V*»> CaW Civ li* EJlr Tht K*e aej Ve^ Sxv A*f GJy AYS i:*'^ t?< ci> 

OAS ttt CSA aAS tiC ecA SAO BtA ssc Atis CAjh use sac AOt CSS ACS cm saa sac sec as:: ect ece xct let ; a< AUt s ee aac e* 

MX » 

Hi 

Ttt Sac iy* Tfet A*6 54X Ann AB) Afry I-Att Lsw A»5 Tyi ^Jiy ^S** tyr Cy* ffc* At£ ty* Aitp >*«* Atf 

AtS 5J*t ASS AAS ssc CAt AEA AAt StA SAC .M£ SAt vAi St* SS* SSI AAC **« SAS CS-'S SU£ EiS TJSC UeC *6S AiS SAC ABS Si 

t>» ii»s eiit itif t»u Art Sit ^ti sis Cj« a»j itt Sf«j «;v ?<f («r Cf» ti? s<op 

A*5 iSt 5tS ACA liSS !»: S!C AS£ CVC CAS SCt tit VCJ mt CAS SSC.A«_jei> fSS B»« 5»£ ESe££tC£J(:««Cj!BCOtl}«!}aA£eee(iee£tii 

yvv SJ- I 

t!Siicsee!ise«. , . .j ' 
»A« n: 

^^jk .5 Th e AKi^iO idi A!54 tskfii ^ j*^tf£f!c« of HOH AJ tft :frr»iftfid i?y SNA «s.ytfiofi{ ,s{ 1^ Tht jvasJf&sjpSfi A«j^ u« Act imm tis* ^»«J *& t&f 

i;« IB (se 3' ESWajiKf ttpnK l( ttala isL J. i!i4 "U »i «««,rosM>«!i here. 
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Ssariff suss irsfaxss^ 



s ConjnfMijss oj 5 

JMnena ! rxprwsSK si k tiSaifi 
gssjwt Roras>a«. sSiGKS 

bsssi jjair irs js« j esstimws 

C9!i!E; ffi^tsSiKEl KGB 

baa ss 8% i^cl^!Ise>1^««te 

HcrOl The patr 
HOH »*^*«nK!> Mia ^, ce- 

me puiiAej! Ssy tiestm- 
fAtraa, Saiseijiiias! seei- 

Us HOH wJ!si*!M. masrttii 
3* iwK sa« {rma the T 

S}l-fn** ««)/ MiOa'Xnmi 
insBfH ittst. ps^yiBsjitai 
wiih T+ SNA ftj e 
reicsas (9f !i it * 'C, Tbi 
fiscmift vox tAii&ii is 

iijiw, tiiss ir««u;^ wiiji 
ajRi tts> cl«»t Srst»iJia 

ykkisf « i5i*aiM 

'itaks' stid i SjiisI 'Wiai!' 
•B3, Atttr jpun&sww us » 

*e««Stcj*!i tsrfTOirSmB «tui£>TEtiiis UJ j iast sse k* jroineiir a bo icsftf tantumi^i.sttrstyciiM rwsttnataiispcactaita ststa^tiwi tton tia; 

tav- pnjawtOT tsuiis^ ti«ia>Si tfat HOH Jssc *t^»«s« ittc the k* jsm, Apsratraniiy *00 srnsajofBsioB vtnt stri^mA Csteit vttosinf hf tHns 





01a isjssststicsM. tSss mBToiiucHan of tear esters fc&se paiii oi 
DKA iiJie tie ias ssquenee in ths tegiofs bsswess iht nbmsm<! 

synthetis. 

To verify xhns HDH sxpfcssson a audef t'a< opsrcu eotitroi 
{fee plasaid pHOHlO? wss trsnsforasEd isto lise £- mli K12 
sfiiH Bi21£5, aj! derivjtiv* of £. eofl Kll HSiOl whkh 
ovefproiiucfii Iswr fspf etior*''. The daii in TsW« I rfsfaonstfsM 
rsjjtewtjE sffwtiveijf blocks HGH pfftductioii wsd tiisti this 
cgeet «B b« rev«ts!ii by i'm- sAdiimn oJ rh« indueer itcpjopyi- 

WeBtiicatioo of HGH ftom bscierial esirads 

Ej<trs«t sf £, ^off K} 2 i»sia RV30S (r sL 2?) EOBaining dihw 
pKGHlS7 Of pBR322 were ilnemphomcd oa SDS-poiy- 
isryiataisjc gels. Tisc restiJtiag pfotsisi paosmi ihow one c}e« 
jiSerencs CFig- 5a}— ss sdditjoa*! prs^stn, wJsicis ao-raignsies 
mh HGH isoiBttd tarn pimima, appesst in tM 
RVSOS/pHGHjQ? sxtrast. Tfs aciiievs pmiti piiriScation ol 
HGH, if! mim of s 3-£5we enisturs s{ i-17?&/pHGK10? »S5 
stEpsfsd mi irsssionstec « described i« Fig. 5 legend. The 



j5?Ji<,'S>BR32J . 
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cttfitsin t5' «!!> (SCI aiJ. «sS (saist »'*> rtjBHwiiAcii « JisJ <t( JOjsM 
Tm-HCS {j?K«t, JtStsMEfiTA, iJt% laBfows. lei«(ii.f*' S)*oSiWi*. O.OJJ^S. 
Eituu.-a 4«i«¥Sj<iijib».tt. A.!tfi 3a8sis itc 0*C iOiil Sif liOmii'hTi-HCl 
!?H ■! J}, JSS mM MrQs, * asM OiC!, ts^ i « oJ SMue J «t« »s«e4, Tb* 

(«f s) ot eiii HiSB tutsKiui. tilt (iswajoo lissii is S ssi ewoira 
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gt! sisriwspiffiresis, s, ?«stt» pisisisa <ii roiat timsss sukS ^sj^j' 

isj pimttry HOH Sffiatiui {J^}, liea 1 ajsosist s £sts hsajs oJ 

££^uu)u j3SfTi*li> I^OEi »a^^ irosa j(S'n&/pHGHJ0t^, T&fi 

tisniiis 'setf «ji9T»ii^ 615 » JS'S !»)if*ariwai4« lisfc jsiajijjsiiw kj%r 
syjiem d Mmi!" ins usSSjiifta (Si S ¥ KJM. Cfofie JfwteJ mas 
|>re{esrs<* by jiWof is 1 J tniJi i m » raf" mriejidkic JoUwwMi by Iwi" 

ijaSsf for sas id s»i tisotsphsfesl!. Tte jarajdiy jswi&iEl! t)GS ihu 
c^i^t^^si itiwj jt«j»!S7en£^ J/50 inra" wsjw43 toJrsss jfe 5GisM 

«KiS<J 34»«eS! {*! I S M S0£'.a05|; iSSJBOfiiiilS isifk!>»ts »M iiAilS !£> iijs 
&-j!er»»!S6t » 43% Tfet iaiaismaja tsij!ia»w jw!kt va 

isiva! iij Jssi 36ssM foSiaSB* 0!84?*t»s tjtH ?,!!). CJMNtO ssxi 

lilt «!M &i:8sr. "Rss (iiiiaHBssiJw: aaiw t«sj))ied s PJsuBstm 

{its s»)mt« s(jtiBs; iOjaM pasizAua ijjjosslsAK tcH'J.SS, 

is 4 HQU prt(!»f»«so Bj it5is>(i!2us*a5(ji JS% pariiy. J, Aetorti&sirtBsj ui 
"^-tiiselloE ctOTrj e( R\'3M/pKGMl <!". Sloi ) swiUits * io«! l,«aui of 
aV3B6/|>HGHje* ixWitoi uj! H,"SOj. St&i 2 asjn»s«s so "S-i»'«U** 
ejir»E5 o( JtVaOS/pBOHlC *i«39*u»d »ii>i a-HGK Mjwesvtis, tie 

Ktiia.-*" «Bj»!Bto{ O.I iSjiS BiT' Kj"SO^,d>««i with JC !»M Mt?Oj J6' 

ON'tK •k'id S.*ia4 trttisie!*', mt .iwiit wm »it!j » jo^'oid « oS 

5j«a^u!ii5fi SwSe.' K,1.'SMN»D. Trias ^•!0C, CCS W Ifi*.HO 
jsH 5 .J 3, Tsea*^ at o -HGH ssiwisss (Kthii *« jac f jsJ si uHpnt : 

SfiTlEftfwrfciS »ft<S tbe Ur^CT?JA»fil ts? 3 S> *iti3 ttJj:®*Mc)33^S« 

Kut«, *«Bo( TriiBB aiS3iin5fi«s!»:t»isisn txtStr *nS *mf»««i 
MJi» ijx* SDS »! tfMei'sc^ ttow. 



pitnfiftd SEinpie i* ihowr. in Fig. 5a, sicsi 4. Tha moii prominent 
tend t<>'msn.K$mth HDH staadard ttid iu relative iBseaiity is 
coniBient with tisE 25% pudty ealiajs$*4 frets rsdsotesoiioe 

in m mitfiinism mtmpi to cofsfina tias the «t3tjfeBi«jiy 



s. RKsnwv f . C. &»■ Cii x<t n. m-m tlflJi 
MM** flyff). 

VJ JT>-i*6 »<«<««• j«t. C««ssA»»5>, Sim 
i. Vi^.iijsijit9e.t.etl^lte. tAet.Axi.Ssi tOjt tS. JTSj-SUj (mt\ 
h imixs), f. R ati tmm ns-m imti, 

f, Jtow, r, U * S. J, fm. MB. <*t*i. St: t^A. tS, S»i-A»ta ttSMi 

i5. a>Mt. *, c V. A<niwi « n ja* ns^j!. 

S3. ccssSiSti » V. «»£ fi>it A«i fc t'jji. f&, t^miimi 



wiib *'S with sssssen^ pKf^red sgsffist HGK ajsd sepas&tsc 
pTissjptttEsd prxjtfiijsi by peiysssyksade gel iitmsphomis. 

Tie aaiorss^iogrsia ef she is!K£!Si»<3jsfcdpmtssd mstesisl (Fig, 
ihi 2} ibows 8 !aa)OT brad, 'spjtib eless«rpte«fe asbility 

ias»&3) to thm. s( HOH, ss weli s$ leur bswdi . AB ve 

of ihiese b&sds sre psesess m tie Kfii3ras:t3iasssed **5-lsbeJia3 

HGH can fes sesa iti ttslsbeiied estr&es tst eeJls grotra ia 
fefoth IFig. 5s< siM 2), AS 6w istaause ^edpitsi etf bsa^ sga !5$ 
etJiJipeicij oai isy ejt^sjs ecJd HGH (si&t!! aoi sSowB) sssd are tiias 
asrigeaieally rstote<j. Has JMij;giM!is ifest A« four sasUer HGH- 
rEktcd prsduMs otfsemsS is asieiin*! tnedk ussy be im ts 

Ajieisjoosl wfcRise of protaaiyisc sssgrsdatics!! ef HGH is 
ptftKiSEed Ln Tabis l.Ths itvtk wf HCjH is ejEtf^ssSram stmitss 
«>atB3Kjag |>HOHJ01 er s»HGBJC-7-l were tsooESderBbly 
iiijhaT its iog-pbss* wsiaffes thats in $anmvy-^bmt tsUmtt. 
Stmsas E^iirf orsac^j wjii e*vKr&3 other pisamids' ^hot^ ptf od»!«? 
ste uB<ter iae {srotosJtsr csoffoi aa essjnpsxsbie dacfs&se of 

fsjtsite frosa xim bbomcry}. It thos xhm tisere ss soffie 
furaavcf of HGK in basaetiaJ ccto aJiijoagi) we cstmat ruis out 
other esplaaatioas for the foiir stosIJes" KGH-toIsumS prsxfttCES 
SB "''S-Jsbelied eacoscss such ss pmasiiife iermiastioa o£ 
trsnsiation, 

. Despite iht observed tfutabiJity oJ HGB is sssmin growifc 
«!8ijiS)S{», t«e. si&lsiak teeisas to be reJ&sively sttbk ie Seg- 
piissK oiirares grcfwrs in nci! nsedis. Iti ihsis eoTidsdow tfee 
a»o«nt 0! HOK in tks seiis {J 85 J0O tssfsosicrs p«riaS, Tafeie 
1} comp^ts f avosjj'abiv witb &£ sxpreMio jj icvci of etfeer doned 
genes using tbe iasje promotffT i» optsnisied ctsncSisbas^^. 

CoBci«sloa 

Uiiug B rsovel cambitisiiofi ef cijsjnitayy syjitbesisw! DHA ssd 
cBKA, ft Ttixistibiastii £, Strain has been taaamtetttiJ whieb 
praducci HGH in large itmawnts. Tto is tbe Snt lime tb»t a 
)sv«ii»!s pcjypspiieie fjM beers iis^ecsiy txprtss^d itt H. eeff in « 
nots -press rtor fisfis, Tbe isybrid DKA domng tedjoisiiies 
sifjsnbed «s & rwtjie » th« siansng intS cjfp;rt*s.ien of HGH 
cotJing se<5iicsjces ir. E. coff are ger.eoiiiy »pp!ic»fe!e to other 
IsoSypspudci wbjsb sstt syntbtsised iRib&Sy m issaivs pre- 
cuiuors and iitsf pToecM^^, or So? whisji hiS iefigtb cDN'A 

xhsck Jeba Sbine ior heSp is fjisiiaiog She jsrojcei, 
Btofeeth MtLeoc! Sor asiisunce, Kei) Wcwei for bejp in 
jjeptide ideB'ifs«»i5of!, ffsncstj F(e!ds sncS Daie CiiSini Sat 
ladinica] support, Alarje Griy ios prepjrinj iBsatrttioni, iA6 
Robert S»»flst>!i and Htrben Beyer tas their enssiaragcmeni 
RN'A used wBS prcpttii by P.H.S. whiJc « jsaitdoetormJ Jeliow m 
the Oepisjt»en{ of Biodicmssay ttsd Biofjijysies. Ujtfvmsty of 
CaiiiOTOia »t S»B Ft saeitcj, Additiotisl R>JA obwised fieia 
pttBittries dooitesS fey I)rs Get »!d Siiverberg mi O. H, Pesntea. 
ITjis worit WW suppofiad by a ccstfcrsci from KibiGce AB. 
sxpcnmestti ittvoSvjsg rcsosbsMrit feoosies weins jsert&naed ift 
«acafds»ce with tiurreBt gwidebnes. 

li. i)uiwiu>. )U h»ijtE. M * CSkiB, V. rfx. »s«. fe; ttJU, ■», 4»>JMm 
(»«*!, 

II Usi*, A, »t Ailw* 15i. <il3.J5»« HSTJi, 

Jl. rvSsia, S «.&S«ij«it. K," J( i»iCHi«.3*l.l«MJ«(mi!. 

i*. icww*. «. A Msn&sjiw*. i ,»»c. »Mt Set tiiu. M, (M-ns ami 

H.5 1 S tAauMjus, N»- Ysrit, SSTIJ. 
IS. <W«w. M, 4i Heews. P. ( «». AtU *ct OX-*. mi-««J Hftll 
S:!. SUM. I.. SMui. t, R, MMll. A., ttuw. 3. D. J: OftaaM*. K U. Muu 

J3. Ji C. Jwc AB^ isW; &K Hi, MS (SSTJ) 
f. A 6. 6.1 MS miw*. Y*ti, ! 

ja Kki. i., »i*»s»vp>;Si, T. * tt*jifl(*i, tJ, Jt, * SiMi iM. irt.m 
31. iljai!«. S. ■Sk. j; is«<i« JT?, HW-i«K>i)W«l 
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90. Constmction smci Idemi^citiiojx a BocEerioi 
PJiWmki C€>niaimytg the Human FQyroblast 
Interferon Gene S«ijuenc€ 

By Tadatsagi! TANlst'CHJ,*' Masaharxj SakaI," 
Yoshiaki Fu«i-KORnrAMA,»' Massiai MmMATse,*' 

Shigeyasu Kobayashi,'*' asd Tetstjo SiW"""' 

(Commcaiiat^tJ by TosMcs Ki»oKAW.i, m.j.a,, Nov. 12, iS7S) 



Introdttctjiori. laterferojs^ are species specific glycoproteiBii 
(WeO sud Borrier, 1878) ifMch srs produced by varioas cells ap«a 
inductioK with viraaes snd double-stmnded RNAs as 'well as other 
ttompoands, imparting an antiviral state in the recipient cdls (Isaac* 
sind LxJidenmaiJB, ISS?). Beside their sntinrai function, other nsulti- 
ple fuSttieas such as aBtit«mor and grtticeUuSar functions have heen 
tiescTibe^Se« The Istarferon System, 197" for reviews) . laterferoas 
produced in coitares of ham&ti huffy coat ceSIs &iid is baiaaa Sbto- 
blasts CKiiifait a imraber of distinct proi>erties {Hsvdi et at., 2STS ; 
Berg et cd., 1975; Gresser ei I9T4 ; Vsicek et al., 1977) , sisggestiBg 
that leucocj'te jnterferon and Jlbrobiast interferoB are differeat pro- 
tsixis coded for by distinct gtructuraJ genes (C&vaHeri et at, 1977). 

A number of att^inptjs have been rrsade for physical s»<i chemical 
cnaracterisitioii of the interfsroa jrsoiec«k aad for its clisiica! inves- 
tsgjitioH. However, maiRiy due to the low ajuount of this proteia 
produced by the mil, it is as yet difficult to obtaia sisfficient qtiststittes 
of jJiiriSed interferos for these stadiea. 

One spproach to eolve the problem appears to be the use of recom- 
hinant DNA technology. As has been the case for many protei«s, 
cioning of the gene coding for interferos wiji jjro^'ide a definitive 
answer to the molecular structure of thb protein as well as ths 
orgareiy^ticjs of the gms. la addition, -with the &ii of gesne'StaRipuls- 
tioR, cloned DNA may sers?fi as a potent iriterferon producer is bac- 
terial or in eogiiste host. Here, we present evidence fo3N-&acce.ssful 
construction of a hybrid plsamid DNA coTstsininir a human fibroBlSst-...^.^^^^ 
interferon gene sequence, 

MateriaU aod oaelhods. Human foreakia fibroblast atrain BIP2. 
a high interferon producer, has beers isolated by us. Saperinduction 
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c,i the celJa by Poly (i) ; (C) ssd eydohexisitde, and iaolatioa of toUil 
cytoplasJKic mKNA were carried out essentmSiy as deseribeid (SeiigaJ 
et al., 197S}, Synthesis et doabie-sEtaaded cBKA (Masiatis €t aL, 
1976), transforioatiGO of Bickmichia. Mi x !>y pBES22-cDN.A 
hybrid (Easa «t aL, IS'TS) S33d detectioa of the specific reeoirrbiaant 
IsKA by in m.tu eoJoay hybridrnticsa (OnjKstem and Hog'oess, 1975) 
were perforsned esaentiflUy according: to tlie pabJsshed procaiores. 
Preparation of pSassnid DNA was accordiiig to the procedure of 
Currier and Mester (1976) with some modificatiorta. Trapping of tlie 
hiRNA-DNA hj'brid on isitroceBmose filter (Nyg&arcS and Hall, 1S6S) 
and eiatioij of the mRNA f rom ±he filter ^HarpoM €t al,, 1978) were 
carried osjt essentially as d«scribed. Micro inject jots of raRHA into 
Xm-opus oocytes "svas perfo:rm«d aceordiDg to Gurdoji ei al, {1971), 
The iiiterferoti actsvity was deterraiBed fojiowiiig- the procedure of 
Saaaki ci. {1874). 

Results aad disciissioifi. Totsi cytopiasiaic; RNA was aKtracied 
from htiman fibroblast DIP3 cells sft«r foar liears raductsou by pol>' 
(I) : (C) in the ptisence of cycioheximide and poly (A) contatnrag 
mRNA ■ss'as isolated by a3i^o(<iT).c«!3uloae agirJty cisrortiategrsphy. 
St*rtsRg from l.axlO" cells, 250 of poly (A) coataiiiing aiFiNA 
was obtsisiad. After fr&ctionatios of the mRNA witii a 5%-25% 
sjjcrcse gradiest centnfagatioT! SBto 20 fractionSi sKiall portion of tbe 
mRNA from iha fr&ctitJ»s arousd 12S reg-soa was injected into 
Xetiopu« oocytes and iiiterferoti activity was determined ss described 
jFi Materials and methods. 

Taijie I. iBterfsroR a-.SK.^. artiyity .in thm frxctions from 



FrsctSon N&. 
a 
10 

n 



Interferon actiTity ttssto/mli 

<M 
44 
560 
62 



SNA from sucrose grsrfient fitiput SS<>^«} was 
preeipitsted, dissoSviji! fa SOrf HjO sasi an s-tiqaot 
(about 0.2 ,ul) was mjeirted jiito iSeiw-jaw o«yt«s as 
iSeiicrrlb&s {Sssfiioo <si at, 1971), Iat*3r£ero» aciif itr 
wsg m««s«*s>d sciordiag to Suzalrf ** ai. (Wii). 

As shown in Table I, the highest interfsron mRKA acti^'tty was 
detected in fraction il- This fractsea contaiKed about 6 jjg of inRN.4 
(termed "jnterferon mRNA" here) , whicfe was used a« the teiapSate 
for cDNA synthesis. Abo«t 1,5 ^ug of doable-stranded cDNA wa« 
synthasiKed, eionsfgted with dAMP residaes, then hybridized with 
EcoRl-cieaved, dTMP-ciongated pEE322, This hybrid DNA was usssd 
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to tr&nsfom E. coH stniln j; 17'76 m the PS Isbciratory of C&bcst iti- 
stitiite iind coJoKies cDisteiniiig tiie JU'brid plasmid OHA w&re selected 
m agar pi&ua containing ampicillin {2& /jg/m!). BfRci«scy of the 
trassfonnaiioii was about 1.5x10* celony/fig cDNA. For the first 
screenrag', coioidwi were picked ap asd trsmsferred dm grid- 
meshed HJtroceiJuIose filters m triplicate. Aft«r tiie colonies had grown 
GO the filters, BNA from duplicate Slters was fixed for in situ coSoiiy 
"bybridtsatioB (GrujisteiB and Hoga^, 1S7S), ColoBses grown on the 
third filter were kept at 4-C. 

For colony hybridizations two kinds of ^-P-Iabeied cDNA probe 
were prepared as foiiovjs. First, psrtiaily parifsed "jHterferou niENA" 
(6 ,s(g} was prepared aa described ahcTC asd '*P-!ab«!ed cDNA synthe- 
sized (dA&fjig. specific radio "acti^'ity : 6xi0* s,p,m,/,ag). After remov. 
mg tie feempiate RNA by a&ali treatment, cDNA was hybridized with 
about SO fold excess of mENA prepared from mock-induced celis incji- 
bated for four hours in the presence of cydoheximide. Non-hybridized 
cDNA coijsistiag of about 10% of the totai radjoactivity was sepa- 
rated frem EfiRNA-«DNA hybrid by hydrosyapatite column ciiro- 
matography asj^this cDNA was used as probe A. After slksli treat- 
ment to remove lullNA, cDNA whicb lisd bybridtzed witli mRNA was 
tjsed as probe B. Both probe A aisd prote B were ssparat^Jy hybridized 
vdth colony DNA Sxed on iritrocelhiloBe fiitera (Grumtein and Hog» 
rteas, 1975) . Coionies Ijybridi^fid with probe A but faiied to hybridise 
or hybridised much less witji probe B were screened by autoradiograHJ. 
Foar coiosies, ws. 31s>, 644, 746 and 3S78, werrf in this category 
(Tahlell). 



TsMe 11. CoSoKy hybridisation of thn eDNA stetic-a with 



AstipicsHin Tesistsnt eoSony 
m. 319 

BO. S« 

n c<. 



Exie-Bt of fcybi-idis-stiiift 



probe B 
■V 'i- 



4^ ' 



Colony hybridimtiDii wm dfiiie accoidingto Gs-atsBtein ari4,, ... , ,, 
visuai itiitpeatitui of tfas iiator&iisogjfstu. 

For tJ^e seeosd screeaing, tiifise foyr ooioojes were growE in 
liquid snedia and each recorobiuaat pSasmid DNA was prepared as 
described in Materials and methods, 5 of each recombinant plaamid 
or pBR322 BNA w&a lixiealised by Hind III digestion, denatered. and 
then hybridized with the "iaterferos m&NA" (2.5 ^g-} under the con- 
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iitkm wljere RNA-DNA hybrid co«Id be fomed whereas JDKA 
ranaturstion waa jiegjigibk (Caaay sisd PavsdaoR, 197'? ; (ietaiJs to be 
pisbifsaed e5sewher«). After 4hra of bybridizatiOK, gitsgSft-^fcraHtied 
pl83m!(3 DKA whose cDMA pari mmli h&v& been }iybridj?.ed with 
complmeni&ry mSNA was trapped oh nltroceliutose filter (Nygraard 
find HsH, 196S) sxid bjbridked bsSNA was ei«ted from the ftitar 
(Harpold et ai., 1978). After .oligo (dT)->c«lJa!os« colorr.n chromato- 
grspljy to remove poasibSe contaminants such as DNA, mRKA wag 
microrHjerteii iota frog oocytes to determine the jtiterferots mKNA 
activity. As shows in Table III, jnRNA hybridized with th€ recoin- 

T&ble m, HybrfdiiatsoE-o-srsiJatiosi ssssy «itti jntaffero^i 




.{Tom rtts- Sis 
from 116. <ii4 
ffOKi so, MS 
from no. SS7S 

'Srsterteron mSWA" was JirtiriiiiitiJ with Uaealis*!}, 

on BiteoceUutose filter. SN.l wss eSuted, cinjojsstiv 
grapiiBii ott m oUgs (i3T><'elIuiose cojutnn. then itsiecMc 
iato fTsg oocytt-a far interierois sytitisassa. IriCsrferoK 
activity was Bieaaureo aa ii*3vrs'9«ij in Materials and 

bisRst pk.?!»!d DNA Irojis cioae iid,S19 gave rise to jp.tsrferoiJ syis- 
thesis wbereaa laRSA hybridized witii the otncr plRsmid DKA m- 
eluding pBP.S32 faiJed to syistheaise iaterfei-oo is frog oocytes. Wbm 
the sanse amount of "interferon mRNA" as that used for hybridixa- 
tsoa was Jncubatsd as » control isnder the same coaditsons without 
EJNA, chromatographed on the o!!g-o(dT)-ce]iuiose column and iti- 
iefited into oocytes, spproximately 1000 irsifirfertni units per m) wjuiva- 
lent waa -iyTith&sized, Since about 50% of the DNA (i,e, aiRNA-DNA 
hybrid) can to trapped otj tlie filter ander our coBdstions, snterferoii 
mENA mast iiave hybridised with cloae 8o. S19 l>NA at an effidency 
of sbotit 72% of the input or even higher (Table ill). 

In the next experiiuent, doubie fiTjjosjiit of the mRNA and plasmid 
DNA froia clone ao, 318 as those tised in the prevjous aKperiment was 
mixed m the hybridization sofetion and a half portion of the sjijcttire 
was imniedi&tely rndthdrBWR for filter trappiiig- (sero time) and the 
rest was aliowed to h,ybridize for 4 hra. Interferon ,'»RNA activitj' 
in the RNA trapped ots the iiiter w&s determined s.s described above. 
The iiiterfsron actiyity at zero time atjd after 4 hrs iscubatior. was 
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and ISO umts/ml. raspecti.dv 
.hesa results thus mdicate timt recombm-^^. . t r-. 
irom close so. 319, TpIFSlS, contaSX f . '^'"^ 

terferofj mliNk ^ ^ ^^n^uis the sequence for lAe in- 

bj'bridked with a T«.Vtnt.*- '< ^"'^ TpIFSiS DKA 

activity was detmUMe irom tht Iv I ^ ' "^^^^ 

PBRS22 DNA cotitalning rabbit ^^tlv ^^^ ""^^ "P^^^ed with 

Pk,.mjd DNA were present ixi the b5»^^ ■ ^^^mblmnt 
Jishe^ elmvheri). ' J^rbndmnori mixture {t« be pul^ 

the recombinant dnT^JI ^ ^^^'^ ^^"^ 'construction of 
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The coding sequences of the cBKAs of cloned hyman l&iiko- 
cyte interferoFi I aad bumaa fibroblast xjiterferost show IiosqIo 
gi©s of 45t at the nucleotide and 2SI at the aaino acid level 
We estimate that the two geaes vsesre derived from a comsaon 
ancestor about SOO te I'OOO jsiiXion y^srs ago. 



Board Assigned Page #2572 



The scid~stabl« huasn iaterferons are subdivided into two 
major groups, aaiaely fitaciblast interferons C^-J^) ^ind leukocyte 
iiiterferoBS (Ls-IF); these are the sssjor coEjpOBeuts of the IntaT- 
fsrous produced by isduced fibroblasts and leukocytes, xespective- 
ly, Soas calls, stJci as the lysspliQblastoid Nstaslva cell line, 
pTCiiuce a mixture of 90^ Le-IF and 10% F-IF (I, 2). The two i&ter- 
fexon types ijave severai featurers iJ^ coamon; both are glycoproteins 
•with molecular ■weiglsts ranging fros 16'000 to 26*000 (3-9), 
the indue tioK and shut-off of their synthesis appears to be 
wnder sisilar control (6), and &t least seise of the responses 
elicited in target ceils are similar, such as inducties of 
an antiviral state, which is accompanied by incr eased sy»thesis 

se%'eral proteins (10-13), >ionetbeless , the two kinds of 
interferons differ in jsaaar respects. Antibodies directed against 
Le-IF do not neutralise F-IF and vice-versa {1^} s the target 
cell specificities of the two IFs differ (15) , and the sequences 
of the 13 asino tersinal amino acids of F-IF and of Le-IF (from 
lystphoblastoid ceils) show no hosoiogy (16, 22). Although Le-IF 
and F-IF are encoded by differeat mRHA species (17), it is not 
knovm whether these m3U-<As are trsnscribed froa distinct genes 
or whether they arise fros the saxae gene via a cosebjosi precursor 
vfeich is processed or spliced in different osodes. 

¥e have recently closed &ad sequenced one species each 
of ie-IF {le-2F I) (X8,I9} and F-IF cBf^A (20,21), A sftcond 
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species of i^-lP (Le-IF 12} cDMA has receatly been ideiitified 
(M- Strsuli, S. Nagsta and C. Wsissmsan, unpublished r€suit$) , 

In Fig. 1 the nucleotide saquences of Lfe-IF I and: F-IF 
cDNA were aligsed so- ^hst the AOGs closest to their S' tertsini 
coincided, froas the amino terminal sequence published for F-IF 
(16) and lyusphoblastDid Le-IF (22) one can determine that in 
the case of F-IF the 2ist codon following the initiation triplet 
and in the case of Le-IF the 25rd codon represents the first 
asiinc acid of the interferon pol)'peptide, Presusahly the stretch 
in between encodes s signal peptide. Since the putative signal 
peptide of Le-IF comprises 25 and that of F-IF 21 amino scids^ 
the IF polypeptides, as aligned in Fig. 1» are shifted by two 
resjsiues relative to their termini. In this alignusent , 48 of 
166 positions (291) of the interferon pol>'peptides have identical 
asBinD acids. To plot the degree of homology befween the F-IF 
and Le»lF as function of the taap distance, the sec^uence was 
subdivided into segiaents of 8 amine acids (or 24 nucleotides), 
each overlapping by 4 amno acids (ox 12 nucleotides) with the 
neighboring segaents, and the percent coincidence of &»iao acids 
(and nucleotides) for each segment was determined {cf * v&n Ooyen 
et al., ref. 25}. As seen in Fig. 2, amino acid sequences show 
three doaains of hoaology. The first one, with the least degree 
of hottiology, corresponds to the putative signal sequence, which 
is rich in hydrophobic residues and has 4 identical amino acid 
positions out of 21; the second dojaain, between the 28th and 
SOth ajaino acid (counted on the Le-IF sequence] , has 21 identical 
residues out of SI [411 homology) and the third, between 
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positions 12S nni ISl (Le-IF sequence), has 19 out of 35 idesitical 

xesiduss f54|}. The longest stretches of coBtiguotis conserved 

asijsp acids are Gln-Phe-Gin-Lys (pos. 47-50 of Le-IF snd 4S-S2 

of F-IF) and Cys-Ala-TT? (pas. 135-141 and pos, 141-143, respective 

the latter sequeuce is notable because it cospxises Cys sr*d 

iTp, vkicb are prefsrentiaily coEserved iu relates! proteins 

(24) , Table 1 shows that conserYStiou was highest between 

the interferon polypeptides (not coGsldering the signal sequences} 

for Trp, Phe, Arg, Cys and Tyr residyes, in agreement with 

the general experience that the asiino acids laost likely to 

be conserved hetweeu related proteins are Trp > Cys > Tyr > Arg > 

Phej His (24). Even where amino acids are conserved, the colons 

show one or mor^ jiucleotide changes in half the instances. 

The codons of 3 out of 7 conserved Leu residues are non-rcistcd, 

as are 2 of 4 codoRs pertaining to conserved Ser -residues. 

This suggests that there is a strong selective pressure fworing 

the conservation of several staino acids- 2t is quite likely 

that at least some of the conserved astino acids are essential 

fox a function conaaon to L»-IF and F-IF, perhaps the inducxiea 

of the virtiSTesistsat state in the target cell. These xiadiags 

jsay provide guidelines for the tailoring of saodified C2S) , 

possibly shorter polypeptides possessing certain activities 

of interferon V 

The nucleic scid seqwences show as average hoisology o£ 
43t iis the dotaaia of the signal sequence and of 4St in the 
istexferors polypeptide sequence. On a randc» basis, about 
25% of the nucleotide positions should 
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coincide. Withisi the isterferoR coding sequence, the nucleotide 

homologies are mrt evenly disttibuted thas the amino acid hosioiogi 

However f one may distinguishs albeit to & less pronounced 

degr^fis ^^1^ ^^^^ ^^'^ blocks of siailarity acted for the amino 

acids. The longest region without misssatches exteads for 13 

nucleotides (cf. 47th to Slst codon of Lfi-!F vs. 49th to S3rd 

codon of F-IF). There are, in addition), sequences of 17, IS 

and 20 nucleotides with 3/3 and 4 ssismatches , respectively. 

The heteropolyseric 3 '-teriaiiial non-coding region oi Le-IF 

cDNA has 242 nucleotides, and is longer by 39 residues than 

its couaterpart in. F~TF cDliA. In aligning the two sequences 

four gaps were introduced to issxiiaixe hoaology, as described 
U233 

by van Ooyen st &1 .^Thereby, several segaents were matched 
with 29 to 41V homology. The introduction of gaps in the alignsient 
say be Justified in view of the argujaents presented previousXy, 
that introns and non-coding regions of reduplicated genes 
diverge as a consequence of block inssrtions and/or deletions 
in the course of evolution (23, 26). 

It is unlikely that the extent of homology between Le 
and F-IF cDNA would allow jBeanxngful crosshybridisation between 
the two species. 

On the basis of our findings there is no doubt that Le~IF 
and F-ir ^'genes are derived from a coasnon ancestral sequence. 
When did the separation of these genes occur? HuiBaE a and 
& globin show 571 asjino acid mismatches, and human g-globin 
and myoglobini as well as o-globin and jsyo|Iobin, 7is% sismstcbes . 
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If the rate of divergencs of interfsxoas and globias is cosjp&rsbie 
[however, c£. p. SO, ref. 24, for proteias showing both higher 
and lower rates) then th« sepsratioa o£ ititerferoa gaass occuTred 
after that of Kyoglobin and Keaoglobiss sad beiore that of 
a- and g-globins, i.e. Sjetwees SOO and 1000 sliiioii yeais 
ago (24). The ir.terferon genesssy thus be about as old as the 
veTtebrates (27). 
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TABIE 1 Coassrystioii q£ ajsiso acids is leukocyte sad fibroblast 
iaterferon. 

Hmssber of ciis^ig«$ in codon 
Conserved of conserved asiao acids 









aaiao acids 
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1 




2,5 


22 
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4 
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12 


, ^ 6 
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12 
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Phe 
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Pre 
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1 
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61 N 


11 


10 
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3 




Ly s 


11 
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Ala 


6 


10 
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2 




Gly 


15 


IS 


4 


4 




He 


11 
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s«r 
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,13 


4 
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Trp 


3 
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2 




Tyr 


10 
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1 




Val 


5 


6 


1 


1 




Asp 


S 


11 


1 


1 
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,9 


0 






Gly 


6 


3 


0 






Met 


4 


6 


0 






His 


S 


3 


0 








166 


166 


48 


24 


16 



S X 



The data are ftoffl Taniguclii et al. (ref, 213 asd Msatsl 
et si. (ref. 19). 
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JIGliRS LSGBNDS 

Pig. X CossparlsoB of the nucleotide sequences of huasB leuko- 
cyte ii?rerferos I (t^-^y ^) hussaii fibroblast 
inter feron cDNA and of the derived amijio scid sequences. 
The sequences are from Mastei et s.l,Cl§) and Tanisuchi 
ex al. (2i3. They were aligned to give maximal hoaoiogy, 
Jdeiitical asaino acids are XTamed, identical nucleotides 
are Esarked by a dot. SI to S25 indicate the amino 
acids of the putative signal sequence; 1 to 166 the 
aaino acids of the ir.tsrfercn polypeptides. 



Fig, 2 Sisilarity of the nucleotide and amino acid sequeaces 
of human leukocyte intexferoK I and fibroblast inter- 
feron. 

The ssqueiices shewn in Fig, 1 were subdivided in 
segssjits of 8 aaino scids or 24 nucleotides , each 
overlapping by 4 and 12 residues, respectively, vith 
the neighboring segsients. The percentage of coimcidsst 
residues vas ploxted as a function sf asp positioti. 
Open vertical blocks, nucleotides; filled vertical 
Mocks, sjsino acids. i-IF, leukocyte interferon cDHA; 
f-I?, fibroblast interferon cDHA; lines, aon-codliig 
sequences; hatched bars, putativts signal peptide j 
open bars, interferon polypeptide , 
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Human leukocyte and fibroblast interferons 
are stnictorally related 

Tadatsugu TaniguchI*. Ned Mantei"i\ Marco Scbuarzsteint, Shjgekazu Nagata"^. 

Masami Muramatsu* & Charles Weissmaniit 




from t! fomiuott utice^'^so,''. 



The ;jci£.'-sisbie human siiMrizsom sra isjbdmdsd irsio m-c 
msiO! sroups. fsbTt-jbiasi inttrfsruns sF-fF) and Sfukotyss 
tWcfKfOns i'i..c-!F>. ihc-x art the rnaj^^ ocmponents of (St 
interOrotiS prodiicfd bv iriOuccC fibre* S'sasss and ieykficviss 
fWpK'.svsiy. Sc>!r.i cesis. Such Sri (!i£ ■s sTiphcjbbsiOic! NrjmaKa 
cs!! iiii.?. pfodis« s mixiuje of 9(;'„ Le-Sr arid iO",, F-iF'--- 
The iyiicrfVroR !ypi^ haM> several lemu'e;- d trrnnu^jT 
both j!0 S!>eoproicir:s v.v,ii :iio'~i-!jiiit' «;!s;h;< raiivimp frorrs 

syf!SrfC>!^ Mfiii !^^ bs under sir:iiiiij aiii!!or, le-^u iom-i 

lit iiK ;ffs;iinisss. ciseised jn sdrg;;' ceik arc :,i;TiiiS;. ^i::.h as 
itidtifCiOr; o? an ansivsrsi ;!;;!,?. «'f;ich ss accfjfjipaniird h\ 
inc:rc;)>eG syrtiheS!'- O! s;;v;^ry! riroisiff^; ' * "V NoricEh<rieiS. ihr- 
Kirt<i< E:\i£r:tirfi'>ri iii^Tcf m ni;iTi) fc^pesrrj. Ariitbcid:e:i 
diKcicd atasiK; Le-SF do sios r.eusraSiic F-iF arid vits vsrsa'"" 
ibe iorjfi ci-li i[>i;c!r;c;!!fs of she insirferints ti)f?c'''' scci 

snc! Lt-jr _ ifroiT! Syfrsphobiastosd csiSii shou fio 
hotT!Oi£isy"-'", Aiihougfs i..e-IF and F-IF srt crscadcd by 
, iiifTereus raRN'A, spea«'*. it 15 noi 'Ktsown v^-hcihcr ihsss 

55 pi'i-itissid t-: spiiccd jrj {JiiJeretit ttiodes. 

We h3x'>: rccetniy cionsd and seijuensed on^ sn^cici fach .-jf 
Lr-iF iLi.-!F Ir"'-* 3nd F-IF cDKA"'-"-. A sccfjrwi i£ssc:es of 
U-iF iUc-if U> cDNA has rrccruK b=er! idititifisd iM. 
Streisii, S.N. ,ind t? W , unpubSishsd rasuiijf. 

Comparison of the amino acid sequences 
Gf Le-IF and F-!F 

!t) Fss. ! thf .^ud^p;ldc scoostjcss os U-!F S ant! F-IF cDHa 
WCTf .iheficd M.i ths! lbs .aUOs ciosesi (o ibtir iermsfii 
tOLicKjed, F'Ofi! !b£ ammo-tcrnisnsi sequence puhis.^bed ior F- 
.IF"' and iyfuphobiasjfisd Le-!F'". one ran det;rm:nc thai for 
f'-lF anrf Lt-fF. trspcctivth', ihs ^Isi and iJ.fd todons 
foiitHvinj; fhf ;rsi!!3tion sripie! represent ih^ fi.'ss .immo acid of 
the •,m'.rk;m', poiypeptsde. Presu.iri^biy. ihf iire'ch sn be!wcf;i 
«ncoi3ss a sscfis; pcpud;. As ihc rsipci.-t.-vo pusiisive signa: 
pepiid-s of If-iF .ific F-IF compris; 2J anJ ;i iir«:;if' aesds 
ihff IF pobpcpud:«. as :i Signed t.n Fig. i. are shifted by two 
r*S!du:5s reiassi'c it* their (cr!T!i.rit .in thsi aSignmen!, 4S of 166 
posstuws sJ!?".,) of l.hc sfsierfcrofi poiypcptsdis have idsfiiicsi 
amr.^c: acids. By insrodnctng appropnatt eaps. beacr 
bomoiot'y co'jSd bt achieved, pariiCuJariy m the fet'tan of iht 



s,i$ml sepi-'tnte: sn the prtscru corrspsrison !hij has .no! t*5Sn 
done. 

To p!oi ih; degree of honjoicEv bti»'eer> sfie F-iF and Le- 
iF 3'. fijfiooon o.' rhe map dutanct. !hr .siequerscc was 
s;?bdJ'-'^d*^-i if^'^o ^esrrient^ of K ;ifT>infi i"tcsdi tnr .:4 ivjckovidcs^, 
eac'r. over5apptn£ b\ ^ am^nf^ acids li:>r S I' rtucieotidcss uii.'^ ihc 
nesahbouring jeetnefits, and ibe per oe.ti; ctimcidencc of amtnc- 
acsds land riucie-rnidcs: for saih secn>cn( desermifjets act 
fcf .-\s seen tn Fic 3 amino acid secjuenccs s'nou ihres 
dr>(t;ains of horrioiogy. Tht ftrsi t''fic. si-ish itn Isasi dijifet of 
hi^jrjoioi;; . corresporidi 10 iht^ p^u-^Jsvir signaf scqsjcnce. u-Hich 
is rtch ;n hydrophob;c fCMiSuei and has ■( :dcrit!cat aminn acsd 
positions c-u! of i^i: ihc second dursiain, bcvA-ccn amitio acids 
.ir>6 sti teouriSed on the Le-IF ■lequirnoc!. has 2s idtrmca! 
tesidnes On; of .^i hortJOiocyt arid the shrrd. between 

posiSiOns :i> 3«d :5: iLe-!F s<:s<uenss i. has Out of 35 
idersncai fe;.!ds.ies i,'-4",,! The ionces! Sirciche'i of COnSieiious 
conserved smirio aoiili ate Gbi-Fhe-Ghi-Lvj iposiisdnv 47-50 
of Le-!r and 4^vj; F-!Fs and Cys-.Ala-Trp ii-tasiuoiji 
!4i and i'ii.-s^-, rcsipecsiveiy she iasier sequence:- .w .noiab!* 
csrcausf: n cr.tfsiprsies Cys and Trr;. which are prifcretiliaMy 
conserved in tciated proteins-". 'Tshle S shows ibal 
sonservsison wst htgisest be'wettt the snterfcron poiypepsidej 
!noi consideriric the sisrss'i sequences i for Trp. Pht. Ars. Cys 
and Tyr residues, tn agreement »-lth the tenerai cxpenchce 
that the amstio ^erds most hiteiy to be consefveii between 
rcSaird proteins ate 'Ftp t"ys ;> Tyr > At » > Fhe, His rfef. )A} 
Pvcn where an-Mjio acids are r.on.srrv'e£i, ihe oodons Show one 
or more nodcotsde chattgei sn half the tnst.tnces. The ciirions 
of three !3ct! oi seven conserved Leu reitdne- are or>rt!atcd, as 
are iwo f-f four codons penamme !0 cooservjd Ser residues, 
Thii sstv'cests ihat ihere ss a strong seScttivc pre.^ufc favoiitmg 
(he consersviiton of several ammo atsd-.. k is ouiie tikefj that 
a; jeas! some of the ctjosetved annno acids are csscniiai /or 3 
function ctimrntir! so Le-IF and F-IF, perhaps the induction of 
(he vjins-rcsisiani staie it! the tarjei ceii. These findings rriay 
provide asjideiities for ibe taiiosmfi of rtiodified''*. possibiy 
shorter potypcptidcs possesjtns certain acsivtiics of intetfcrjsr). 

Comparison of tbe nucSeotide sequences 
of Le~!F and F-lF 

The nudeic scsd scrjueiivcs shiiw' an average fsomoiogy of 43''„ 
in the domam of the sisttai sequence and of 45'",, in tht 
ittierferon poiypepude sequence. On a rjsridom basis, about 



s(i;ii.<i*.vfc !!v :.'<is<r-ti4St>i,co 



MkckhIUo KM-jn**! Lul 
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t; t? «?.-v c*; Tc.i t*5 TCA CC-; kx 54* at :cj. tii,<, 6?^ tc! st* »ri it" *t5 i-jj -sr; csi rrt act n* cts arc <j; r.n. jts,. jri .v.; 



!£« fSt. *L.tji.£U| Uy Ke! vtt Uu VAl. i.» SS- 

■ sstt i-YS tcs ^-Es H£uj t'-E '•W rrs pnc 

CTc (tic MS set. AAc Ait Tsr t.Tc etc C.M SCI r;c t?5 ri^ sisc ttc 

■rS£ T« AiJC TSC TO"! ttS S«i' !5! 5*; Ck MT iAS AtC £,« SSC StS SiT AiJ Us, iCS *■:£ tls i?t CTi CTfi OCA CM S-Ti iiC isA iTC TCI SCT [Sc 
jfS !,« SSR SSS CYS^Ua stt ttt .^SrlElm GL» M HIS 5CS ilSj JiS? ASii ASC As5 tSii LXii Kit IliiplilALft iitfi m SSi iO: StS m 



siES rs-s 5«R *i> S£R ^fS ASJiUjilXS m l& ASS m ASK Psf S>( CTS CLK UsIiayLSa ISP SLii ila Sir ASS i^:;: 

rcc. jf.t *C4 scr ctt tsc- *!4 isf iic iwc TTs «Tr ttc ct C" iSA lic i« *J^7 jtt c« fS' <*$ M« sft CT-:- ?Sv c*< tt;, s.*! <,5!> liis err 

J3 *S - ~ SO K 

T££ Vi- Bs Uc U,f. Li.-! &iJ: jH Sii cic -M m cas m sir ssi: iSc cis «i iU tc! <i:i I'd ii< rci sit cir fii *U 

ssTyrOui ^"tliF'ssGlfiss A-Sf'!?Sf| Pi^t. ?s5 nn ay siis phi m «fi IJIiTfiuTf? mo'S^va m '«l kjs 



TAT rSC £tt Al^.; S*S *f.<> Atv A4C IT; CAC AIC. CM SAfj ATT AAS CAS tli CA!; f.Av Ttc Cit AiS SAt 4AC SCf. SCA TT6 ACf- Atf. iAt (i»S S!S tti Cts 

38 * ■" " " " 4 " ' ' "' 'id ' " &> 

7i} SS >5S 

(LAS ,«c He Ax; cTf tt; «A «A is" Vii Tsi 645 JcT ?si tvii «*£ 5AC cif f.-ji iii; s.1a t> J ts!: Act s« cTS 1« t.U di; a- 

la^tsii iBi^\m m m as? sc^^ala !s» .as? as; u:i> liy as.? its -hj a% m. s.« les.; Ws 



Hi 



ALA ni gH£jAS3 Asf SB 



TiiS SLY re? 



TkS ;l£ ni hOl LTy m AU AJS ¥Ai 



51N QIH tf «iAS!.;ASf 



H!S su; 



iTt Tr? .;CT At-r ItC A6i CJ.t C.f ISA rt'5 ASf. Aft S5C fS-Vi All" 'jAS AC"! ATI CVt 6A5 *»< C!6 >jC? AST CTt TAT <Ar tAS AIA SAC i'A! {16 

" >b ■ ' " ' "' si) ■■ " m 

im 130 130 

GAS KJ. rf,T f.;i ATt C-ifi 6SS Rki AS5 ells 'iM MA SS" «C Jti A?i AIT iitc fiAC JCi ATi. Tti vu! liIS AM AAS TAf. hc vfjA ASA itC ACT 

ilU ALA a% 5;.Siili) Sly ASb v«. 5LV 5LiS TSK ?fSi IM m ASS ALA l^.ty'm' l:.t sJiT AU VAtlH LYS TVSjfHf AfiC TH ^KS L£ii 

IVS 5iiS Wl. as alU irS Wj us LTS asp m TSiS ASS &tY >«T EiS IB S:iS jJS ASS JY§ rYi? feV 4^ 



AAi AC* 5Tr era 4SA ^AA >-'J. his 4AS am «*t T?t ASv S5i AO-* <i; i>S ASl A{.r CJi <iC i-S AAi SEJ T»V Til Kf. AS5 AT! llfj CAl 



im m 16S 

rXt tii kA W Jai Ait ti£ iit ifT isT «iJ Hi «s uH i?c ka ajs is* id H; Hr Ha ;m i;A r^i «i iit asa ua 4s 

nTAiJli^ fiiii vAi. ■vaTaSs au 'SJliil "m s£?, aJs sf,s ii« m as.-. 



m m tks w lS m m se» fso 



LF.S! ;LYS AUi LTS 5L« f^E SER 



ASS «S T^^fi PiiC §0; ASS ASG 




TAC tn MS etc A*£i SAi TAC AST C*t TC! SCt ?55 ACt ATA ' 5Tf.' aSA SIS f.AA ATv CTA AvC AJt Tit TAC tTC ATI .iAC Sili itl ACA !AC t-Ji: fX.- 

ACS SAS S>i fii CAT CTE, «H CAA fAT fjAA *ic *AT Tf.-J Til idl r.T<L At* iiC CAS ji; ACS STT TiVA AIT jli !« tH f aA a&A t5c TiA Cut ftS 

ASS irs K.» 



AiS 

AAi T6A Afii !CT CCT >S£ Jiij -SSS: £Ti; TfsS SAi 

166 ■ ■ ■ ■ 



liA l-iS TT5 CTT <AA iSA TIC tTC AH tii <*5 ATS tTt rTT nsj T4A <!$ itS SCT W? 



cU -f.S ACT its .U-f i!5 CTC, A-SJ. UC 7SA TT? STT. TAt tlA AAT A fT !»! TTA 4ti iH CAT AA5 ATT jii aH ATI TTT 



5TT ca; ATA Ji6 TiA TST iiCA 



!'jA Crs £AT iTS AAA 6i;j TAS AAC. ATT it; AAi ITT TTA T!* »AI TAT flit. TTA TT5 ITA TT: IIT TAA ATT 

CS! TTi c« T.;? 4sl TA« ;c.T aH iii ici TCT TCC TTa ?AT H* -Hc aaa aa» a Fi?. ! CctnnarftOi! of !hc 



f;b.ri:.b;ss! iGKtie'or! cDNA stJci of tfif tisrsvsd sfntno 

TT ATT SAA AAT A« TTA TT. TT^ .AA A-A t AA^ A ^. ^^^^ ^. ^^^^^^^ 

5 jspi i;! tin: csxjws 



3;t Bwifked by a dot. S!~S33 indicsK »he 
2fK>T!0 3i:!<:s of viis p«SM>vf Signal isqucpo: ant) 
)hf ammo acids of ;iw ir.)ttfer!-<f! puiyixptidss. 
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■5fi!jr!cTor: .I'iiiJ'.rsg sequsf.cs ihs nsjcisondc hcssKoSosw?, aic 
^ofs cvsriiy diSiributsc! ihan ih« aTTiirso scirf {iomotosKs 
{■|c>«tv«r, on;; ma> djsHriCiJiih, aibsi) lo & isss prcriisunced 
J«SF«i- )Ri sams ihrei bteckj o;' simsiafsiy iieiitd for the smsr-o 
acidi. Tm ioriSCM rtpm MUhosJi, nvf&Tfi;iichts ^xsinds for 1} 
^iScksuAci icotBparf 47th to 5 iss codec of Le-fF wish 49th «o 
jjtd cod£?r> of F-IFi. There are, m addition, ssqi.ser.csrs of J '. 
JS and ;0 nucisoisdes wnii J. "J stsd - mismsiehts. resp«c»veSj, 
ff-.t iis!tiopoiymsr;c J-iermsnai rvOi^codins rssiyri of Ls-JF 
haf. 24; rsijiriscJiidss, » issgf; by 3? rfSirtue?. thsr, 

j!< C0S.it5!4r?3r:, i!! F-!F vDNA. Jsj SiieiJiRE tbt ivvo ie:£5i:=!-;C«S. 

iouf f sps were jnirodussd w wasiifBWS homoisf y. 3i dsscrihea 
jiv var! Ooytrj fj s!.-'. In ihn way. st\<t:t&l seemsnis *€rc 
tiiaSiheti with ^S—S!",, homojosy. The ifstroilucnori ctf pps iti 
sr.e aiiar.frjsni Riay bs msisfistl (;:. vtt«' of- s.>!e «»rs>.:r;ier.ss 
jjrcsesjied pfifvu-Mi.tSy. iJiis inSefvcsung 5C£!uem-ei and 
jSfsrsraiSir;!; .'jjions of fedwpSicated tc^a diveree as i 
conseqvisnce of bioos. inscnsorK a.r>d/or deisssons in ihs ajurw 
pi evoiijiior!-- ■*- fi :s -orsSikeiy shsi the exitnt of horrK-^iocy 
hfi-^'itr- Lt-lf and F-;F cDN.A wouSQ sISosv .■significan! i:ro$s- 

A common abcestraf oene for 
Le-IF and F-IF 

On ;bs hj-p of ov:' !l.-dir!£i ;:-e;i ;■, cic.ub: ir.zi 1 e-iF 3:>3 
S^.'V" o.'c sirivc; iroir: a comjison :>ni-r,-.;:.-;- i,5q:jr;v- 

Vy?:':^ dri vrc.ir.ji;;-'; ;.; ;^j^5^ scncs H^niir; j- an: 

^-stcS;i:> sbC'W .5""^. ajDina acsd iriisrosiche-;. and hi!.tt3r; i.?. 
«jobi.'i :-:na .f!;vi.>2iobi!i. ;i$ w«!J as s-siobfi anc mvotiosir].: 
rsiiirrsascncs, if !frc fsic of dsvsffer.ce ci irjierfsroris arse! 
i-k'i^;--.:. ;. ;^^.';.:.vr,:T.:;f :r;,-.siri?r u;':;-.;!"^;?: see;;' 

p. .">!.> JCir f."f.«e!r!S sho'.vj;}j boiis nijrbfir SRtI !swe; ri'icsi. ihr. 
sepjr.i'ior- of srjserffiTjn str.e?. occurred u,f!;r Lha; of invo- 
,2iob>f! y.s-iii tiLicr}if!|;k'i-nr>s i-st!! befeirc ih;" oi 3- ?.fsf,i /i-j.<i;-3ti!r>s, 
iTiU IS bi!-Aisr! ,^D0 srjij ;.£«XSMvr ago-*. «-Ft:ch !S a&o«r ibs 
i;rr>; >,tri>:5:Fa'.ii. ,5!c>$;'', Tr.is ii.suid mum iba< !:.o;S-; fypes o:' 
mtsk'C--^ BCnt sbO'jid oscisr ;.rs .s:J isrwbr3t«- lifMSSS o«r 
■mti-oT !.hi c>«ic! sosi diisiiori. inoeed as sbsii'n hi 5Sic 
jsqairsaiij of smirso-ssrminsi fesidue?'" ' ■'. ftiousc 

i-<r;- A .5fid S -sfiov, sjiinificani homok'ijy ^vnS; V:::.ruar: 
ftf.:;ob)3Vi sfsierfs.tofi. ana mouse ir-.'srieror: C u"!b byrrsar. 





<s' sbe nactcisncif sss smino ,i.-iO sei5>i«n:-ri frt 

B^.:)so!;cei. «ch f>vift;,ipp:;-.o l^v 4 
ttsidiJSi, rtsiJfiCiivtiy, she rietjhsoui-.r.p i-spmensv Tr:c 

ace (jf tonctomi isisciaes "-ss pioiicd as i iunesrer. c< tm^ 

::or: ^DNA. iiises. tui.-.coajns staaer.css tisichca bar.'; 
pHsam-e sjsnal pepudc. open bar^ Eriirrieron rr-s^tyf'Srsiidfi, 



:vrr:p;iO;tj:S-.!0'd ;;-:!ererc;-i. ^'nercas ir,e r-i'Vase i;>ec;e. u;.^ ? 
Of; ;b« one b;j:n.d, and tm spssrss C on ibe oiber shov iM-: 
Siensiiosri! rtorRciocy wu.t-jir, im shor; sesmois jcooenceo 
Tbsjs- a! !e,'-S5 in ihc mouse, rfprf:se;:ui:vss of botfi it-.ttr.crcr: 
iarrsiiie; c-sisi. fJ '.t'lfi »e o: tc> uesermirsi' !r« 

evoiiiiit^nsri !-!:!»;!Of!Sb!p O! snese U' Jfie :tb:fd syr*.- f: 
ifsteriefofi. smfuunt r}; •■■■•irnr'.c^'jn^ 

Aficir subrrssisiori oi ;hfs amc!:. ive searf;; ih.'ii DetvnCk <-, i.-.- 
nad cS.-ao=0 arifj seoiKnrsf! fii'^i'obiasi iriterfcf nr. 
sccO'Tsi'iai'si mc 3r;;cte"''). coniinTtitip ihe dedsjc^d ams-ic juv 
ssaijefice of T.T a si'' 

X.'i usiG M..M. -ihiifix D' H, Susano ;or ftsj CiJrjistiuOi:^ 
'.ypri!-!!! s;)d jBitres'i. Tht *'orK ai ins Un;vsr;,t!i £-■' Zur:c:> 
ivss :,sj!.jpMSsd by Broeer, SA snd tr.e Scbwjsitfiscnc 
Nitiii!iai,'f,inds 
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,\- M«.i., S. t: t: .>« ifi. t.:5 il'Wi 
<!S>?S 

> KMId », A„ Ht^aS. i V ;f i. UMf. .f. <r'! !l, (i.'-"} ! i'^'i 
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SOUTH AUSTRAllAH IHSTITUTE 
OF TECHMplOGY 



Seh©o! of fharnmcy 



Or. C. Weisswnri, 
institat fijr fto!ec«!«rbioiogi « t, 
UrtiversStat Zurich, 
hOHSSERSERS . Zurich, S0S3 
tier i sod. 



frear Sr. Waissmsnn, 

Thank yoii again for thft pr^.pr inn. FaRtastSe <Mork. Hsvs you thought 
about the possifaie i^dvsntage* of Interferon pro«!uctior> Sn 1; lyixLiiX? 
The leader fsepEiaES may be asie^oste for transport of the toterferons out so 
the (nedJiJO) thus stmplifyfos the punticatfon of t nter^'cron ^tsroteases may 
!}« a proisJefs), A segue«c« cofEpSi i son rea I i gnwwfi t sections of tfse yf^terfeiroris 
is eftc5ose<i. t was quite surprised by the simiiarity in afsiino scid 
cowpos f tmr. of ijovtne grcwr^i hsrraone and ie-iFi, However i couid find ttttie 
sequence Honsoiogy. 




i wish you aii the very besj: s.i your , work. 




I w-.^uW Wov< y^^' ^"^ 

.Jew---, C&>^h*'^<'^i< ' -^ /'t-r , \ 

- ■ : lliis is EXHIBIT FiERS--42 

to 

. the Affidavit of Walter C Fiers 
• ■ I - ■ . > : swor« before me 

;■ :l ; ' jliss |3 th day of November, 2001 

f"' Coinnusssoiier forJ>atii or Notary PubJic 
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This 

to 

the Affidiivii of Waiter C, Fiers 
swont before me 
Ehis ^ B th day of November, 200 1 



ComratsSdnerlbr Oath or Notary PubtfC 
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IS 



msnn A, Fsjsf for n^uMs ifsctmioM mi ad»fce. 



sets, Osfewra. .CJi..'ftMsj£ei. K« MajiiJiiea, K^. W 

, . Kfesfcit OMA of Jiish 

iftoo stmS ia »iw>. Tass! Septs. SfoL Med- 35 (IS77) 

fewsio iBierftwa. (^tsd, Srf, USA 72 0975) 

3JSS-31SM3. 

of gJysosybasB. I. iloJ, Ctetn. 232 (iStTJ 

«a;-44S3. . . . ■ 



3S3. 



ef s»ot(to sjnthwb wltti 



337-535. 

^^rsHHiwt « . .ifa sffi,9 tJS75}S15 

A- SOsS iMitmwum, Vims ta!«fe«sis«. f. m 
»wn. HJa^J »f taiwftwB w ats«K.tf 



{MtoUsB ftm feunwa dipioiiS h»c MasL >4ai<S. 
LsMets, S»B, Sato, Cste, m4 Um^, 



IsSajytstien, ftoe,- NaJi A«d, USA 73 mm 

nm-mi. 

am. fesi mn Ata^.sd. usa 74 1 j sm«s&i. ■ 

■Eci&Ji, jf, m. W^.QiHKE. ^ SB'S WcJfsmswj, ej ^ 
, iSteSs bi ^ esiS of s {tojypeptfste isto SsimisiS tefeswfjfW 




. ?*9s.''mit A&i, $A USA n 

« SSI {19735 1-33. 
. 6*«is!fe of saumjral iieaa tor |st tetssaw, 

, €4>A UsswSom of mKA. tk% AiStA, Sd. tl$A 7S 
a97S>4JS8-*7?l 
, n£t. mA -Bimm, MX.- A stoipk uaiAftj f5w DHA 
'a site wsppjai. Ned. AsMt S«, 3 4197$} 23 

Tstek, HJF, *»d PhenM, RjU ^ omtoil fw th« womy of 

BfiA ao» *|s«B»* fiwt Ad* fts*. i mm nu- 

' wt lis, m Mbi$o« sftd isiAm im}mm 
l^{JS79) 8«7-^73, . ■ 

Has of atoctirisJ 




ipaa A<sMl. Si, 
J»«f!sr riooins of ba«aa» fliroWaM famfereneSSA. Prsc " 

• Nss!, A«3(i. M USA ami ^ m**. 

ftws*. Aae, N.Y. Assd. $d. 3*S {1S77> 5«3-TilL 
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